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Abstract : A self-consistent approach based on a curve fitting technique for the 
determination of Schottky barrier height from revrse (/-V) characteristics has been developed 
The technique is very suitable for such cases where the conventional (/-V') method for 
determining the bamcr height becomes impractical due to the nonlineaniies in the forward (f-V) 
characteristics. The validity of the technique has been checked by processing the experimental 
data of (/-V) measurements of Ni/n-Si (111) MIS Schottky diodes
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1. Introduction
T h e  b a r r ie r  h e ig h t is  an  im p o rtan t p a ra m e te r o f  a S ch o ttk y  d io d e , w h ich  co n tro ls  the 
e le c tr ic a l c o n d u c tio n  th ro u g h  it. T h e  co n v en tio n a l ( l - V )  m e th o d  fo r d e te rm in in g  th is  
p a ram e te r is to  p lo t th e  lo g arth m ic  value o f  the cu rren t density  as a function  ol voltage. T he 
in te rcep t o f  th is  p lo t on  the cu rren t ax is y ie lds the sa turation  cu rren t density  from  w h ich  the 
b a rr ie r  h e ig h t is extracted [ 1 .2].
But. this method fails to give reliable results in case of nonidcal (/-VO characteristics 
which is a common feature of practical Schottky diodes [3-6]. In such cases, a curve-fitting 
technique is a suitable method for processing the experimental d au . In view of the a ovc 
fact, a self-consistent approach based on a curve-fitting technique for the determinat 
o f Schottky barrier height from reverse (/-V) characteristics has been developed and is
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rcp o r icd  in ih is p ap er. T h e  te c h n iq u e  is b a sed  on  the  q u a d ra tic  d e p e n d e n c e  o f  th e  b a rr ie r  
h c ig h l u pon  rcv c rsc* b ias  v o lta g e , an d  d o c s  n o t in v o lv e  an y  ite ra tiv e  p ro c e d u re  th a t is 
in h e ren t in the  le as t-sq u are  m e th o d s  ap p lied  to  th e  n o n lin ea r sy s tem s .
2. Our approach
G e n e ra lly ,  m o s t p ra c t ic a l  S c h o ttk y  d io d e s  a re  n o t id e a l b u t a re  in s te a d , m eta l> th in  
m ic rfa c ia l la y c r -sc m ic o n d u c to r  (M IS ) s tru c tu re  d u e  to  th e  in a d v e r te n t p re se n c e  o f  a  th in  
in tc rfa c ia l lay e r p ro d u c e d  d u rin g  p ro ce ss in g . S u ch  in a d v e r te n t in te rfa c ia l lay e rs  c an  a rise  
d u e  to  o x id e  layers , ch em ica l re ac tio n s , c ro ss -d iffu s io n  e tc .
A c c o rd in g  to  th e rm io n ic -d iffu s io n  th eo ry  b ased  on  M IS  s tru c tu re  m o d e l d e v e lo p e d  
by W u  [7], th e  m a jo rity  c a rr ie r  (e le c tro n , in th is c a se )  c u rre n t d en s ity  u n d e r n o n eq u ilib r iu m  
c o n d itio n s  is g iv en  by
"  1 e x p (-9 0 ,^ /^ r)[e x p (< 7 V ^ /* r)
w h ere <t>hf =  <t>b„ + •
( 1)
( la )
H ere  0/,,, is  th e  z e ro -b ia s  b a rr ie r  h e ig h t o f  th e  d io d e ; V ,/is th e  v o ltag e  d ro p  acro ss  the 
in tc r fa c ia l  la y e r  a t fo rw a rd  b ia s  v o lta g e  V p A * *  is th e  e f f e c tiv e  R ic h a rd s o n  c o n s ta n t 
in c lu d in g  th e  tra n sm iss io n  p ro b a b ility  a c ro ss  th e  in tc rfa c ia l la y e r ; is th e  tra n sm iss io n  
c o e ff ic ie n t o f  e le c tro n s  ac ro ss  th e  in te rfa c ia l lay er; v/? is th e  th e rm a l v e lo c ity  o f  e le c tro n s ; 
Vp  is th e  e ffe c tiv e  d if fu s io n  v e lo c ity  o f  e le c tro n s  in th e  se m ic o n d u c to r  d e p le tio n  reg io n . 
O th e r  sy m b o ls  have  th e ir  usual s ig n ifican ce .
F o r h ig h  m o b ility  se m ic o n d u c to rs  (lik e  G e , S i, G aA s e tc ) ,  v p  »  vj? a n d  so  th e  eq . (1 ) 
m ay  be re d u ced  to
J ,  = e x p  [e x p  ( q V f / k T )  -  l]-  (2 )
U n d e r  re v e rse -b ia s  v o lta g e  V, (m u c h  g re a te r  th a n  k T J q ) ,  th e  m a jo r ity  c a r r ie r  (e le c tro n )  
c u rre n t d e n s ity  is g iv en  by
y , = / r r 2 c x p ( - 9 0 i , , / A : r ) .  (3 )
w h ere  =  0*,,, -  V , „  (3 a )
Vfr b e in g  th e  v o ltag e  d ro p  ac ro ss  the  in tc rfa c ia l la y e r  a t re v e rse  b ia s  v o lta g e  V,..
U s in g  th e  fac t th a t th e  n e t c h a rg e  tra p p e d  in  th e  in te rfa c e  s ta te s  re m a in s  u n ch an g ed  
u n d e r  m o s t ra n g e s  o f  th e  re v e rse -b ia s  [8 ], th e  v o lta g e  d ro p  a c ro s s  th e  in te rfa c ia l la y e r  a t 
re v e rse -b ia s  v o ltag e  can  be w ritten  as
V ^QaeiVr) (4)
where C, is the interfacial layer capacitance per unit area; AQ$c (K )  charge density 
deviation in the space charge region at reverse bias voltage VV with respect to zero bias.
W riting the expression for A Q s c  (Y r)  (4). wc have
Vi = \ { K  -  + V, -  k T / q f  -  (0fc„-V„- k T / q f ^ \  (5)
where N j  is the donor concentration; e  ,, is th<;^  dielectric constant o f the semiconductor; 
V„ is the dep th  o f  the Ferm i level below th e  conduction band edge in the bulk 
sem iconductor.
C om bining eqs. (3a) and (5), we have
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<t>br =  <Pbo-  [ (0 S r  -  + 1 '. -  k T / q f  kT/q)'‘^ ]• ( 6 )
Using data linearization technique [9J the eq. (6) can be reduced to linear system as
V , =  +  y ,  (7 )
C}
w here a  = Iq  e ,
(7a)
?  = -  V . - k T / ^ f  I -  I. (7b)
r =
c?
Iq e ,
'} ^ ,/  ,7-, \'/Z<>bo+^ ^— C.------ [<^»o-V,-kTiq) + V„+kTlq.  (7c)
N o w , b y  a p p ly in g  th e  leas t sq u a re  cu rv e  fittin g  p ro ced u re  to  eq. (7 ), w e get
P ^2^4 1^*^ 5
a =  px2 ).
w here
y = Tv S  - "X
N N
-  ~ 'w ' ^  (^br)N ‘ 5 1  ) a/ ’
N N N
N N N
=  X  M n ~  (^br)N - ' Z M N '
(8a)
(8b)
(8c)
Xz
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=
N  \  N  ,
N N N
N being the nun:iber of sets of experimental data on (I-V) measurements.
After obtaining the values of a, P and y, one can determine the values of and C, 
with the help of eqs. 7 (a-~c).
3. Discussion
To check the validity of the proposed method, the experimental data of (/-V) characteristics 
of Ni/n-Si (111) MIS Schottky diodes fabricated by the vacuum vapour deposition of nickel 
on an //-type <111> oriented silicon wafer at -10"'^ torr pressure has been processed. Details 
of the fabrication technique and the (/-VO measurements have been reported in our previous 
papers [10,11]. Measurements were taken on a number of diodes but the results presented 
here are of a typical diode whose semilogarithimic plot of forward (/-VO measurements has 
been found to be the best linear in the voltage range 1.0-3.5 V. The (/-VO characteristics 
of the diode is shown in Figure 1. Here, the reverse current does not show saturation and
Figure 1. Measured (I-V) characteristics of a typical diode.
increases with the reverse-bias voltage. The effective donor concentration (Nj) calculated 
from (C-VO characteristics has been found to be 1.12 x 10*  ^cm~ .^ In the case of Si, near
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room temperature, thermionic field emission (TFE) in reversed-biased Schottky diode 
becomes important for > 10*^  cm**-^  while field emission (FE) may occur at moderate 
values of reverse-bias at higher concentrations in excess of 10^  ^cm"  ^ [2]. Thus in the diode 
under investigation, the obtained value of rules out the TFE and the FE mechanism 
responsible for tunnelling of electrons throu|h the barrier. Hence, the nonsaluration ol 
reverse current in the diode is due to the barrier lowering.
After making the necessary correction for scries resistance in the reverse (/~K) 
measurements, the values of barrier height have been calculated as a function of 
reverse-bias voltage V, with the help of cq. (3). In this calculation, the effective Richardson 
constant A** has been taken to be 110.4 enr^ [ 12]. The data 0*^  vi thus obtained, is 
used to get the values of a, P and y with the help of eqs. 8 (a-c). The coefficient a  then 
directly gives the value of C, from eq. (7a). The zero-bias barrier height has been 
determined to be 0.76 eV from eq. (7b). This value is found to be in close agreement with 
that calculated by the conventional il-V)  method, which supports the validity of the 
proposed technique. The flat band barrier height extracted from the reverse (C-V) 
characteristics has been found to be 0.78 eV which is greater than the zero-bias barrier 
height (pho, obviously due to the voltage drop across the interfacial layer.
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